Spin-valves with antiferromagnetic α-Fe2O3 layers by 牧野  彰宏
Spin-valves with antiferromagnetic α-Fe2O3
layers
著者 牧野  彰宏
journal or
publication title







4618 IEEE TRANSACTIONS ON MAGNETICS, VOL. 32, NO 5,  SEPTEMBER 1996 
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N. Hasegawa, A.Makino, F. Koike and K. Ikarashi 
Nagaoka Branch, Central Research Laboratory, Alps Electric Go., Ltd., Nagaoka 940, Japan 
Absstraci- Wle report that the spin-valve films using the antifer- 
romagnetic cr-Fe203 layers show good nilR response due to the 
coercivity difference in an as-deposited state and due to the 
unidirectional biasing field after magnetic annealing. Both the 
high coercivity and the biasing field of the pinned layer is caused 
by an exchange coupling. The obtained MR ratio of 6.1% is 
higher than those of the other spin-valves using Fe-Mn or Ni-Mn 
owing to the high resistivity of the a-FezOs. Further higher MR 
ratio of 10% is achieved by imposing lnm-thick Co layers at the 
Ni-Fe/Cu interfaces. It was found that the free layer coercivity of 
these spin-valves is smaller than that in the Co-Pt/Cu/Ni-Fe 
sandwiches having the similar high coercivity of the pinned 
layer. High thermal stability and corrosion resistance were also 
confirmed in the a-FezOs spin-valves. 
I. INTRODUCTION 
Tliers; liavc becn a numbcr of reports on various spin-valve 
films with several kinds of antiferromagnetic (AF) layers, such 
as FeMn[l], Ni0[2], or NiMn[3]. As an AF material for 
spin-valve (3MR heads or otlier spin-valve applications, the 
following three characteristics are important. Firstly, high 
resistivity is required because the current shunting through AF 
layer has to be minimized. Secondly, thermal stability of tlie 
anisotropy induced in the pinned ferromagnetic layer, which is 
related lo NCel temperatures TN of AF materials, must be high. 
Thirdly, coirrosioii resistance of AF layers is required. How- 
ever, it seems that the spin-valves previously reported do not 
simultameously satisfy these three requirements. 
As an AIF material, we chose a-Fez03 because of its high 
resistivity and relatively high T, (-680OC for bulk). Though 
there have been some attempts to mdce bilayers consisting of 
a-FezOi and relatively thick ferromagnetic film (15-200nm) 
as an exchange biasing film for AMR sensorsl4]-[6], the re- 
sults reported so far were not so successful. We have tried to 
make use alf a-Fez03 films for the pinning of much thinner 
Ni-Fe films in spin-valve structures. 
11. EXPERIMENTAL PROCEDURE 
Samples were prepared by an rf magnetron sputtering appa- 
ratus. A uniaxial field of lOOOe was applied in the plane of 
water-coolcd glass substrates during the deposition. For coni- 
parison, tlie other spin-valves using FeMn, NiMn, NiO, and 
Co-Pt films; were also prepared by the same sputtering appara- 
tus under the same deposition conditions. AF layers were 
sputter-deposited by using sintered targets (for a-Fez03 and 
NiO) or alloy targets (FejoMnso, Niq3Mnj7) by using pure Ar 
gas. 
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The Co-Pt films were deposited by using composite target 
consisting of Co disk and Pt chips on it. 
Magnetoresistance was measured by a dc four terminal 
method. A vibrating sample magnetometer (VSM) was used 
for measuring magnetization curves. 
111. &SULTS AND DISCUSION 
Fig. 1 shows the X-ray diffraction pattern of the 100nm- 
thick iron-oxide film deposited by using the a-Fez03 target 
under Ar gas pressure of OSmTorr. It was identified that the 
film is composed of a-Fe203 having the corundum type struc- 
ture. An analysis of oxygen content by the combustion method 
proved that the atomic ratio of oxygen to iron is approx. 
1.42: 1, which is slightly 0-deficient compared with tlie stoi- 
chiometric composition. Almost no magnetization was de- 
tected in this film within tlie sensitivity of our VSM. 
We made spin-valve films by using such a-FezOs films. As 
an example, Fig.2 shows the magnetization and magneto- 
resistance curves of the spin-valve consisting of Glassh- 
Fez03 (5 0 nni)/Ni80Fezo( 6nm)/Cu (2.2 iim)/Ni K F ~ ~ ~  (9 nm)/Cu(4 
nni) measured along the easy axis. (The Cu capping layer was 
deposited, though it is not necessary, in order to make a com- 
parison with tlie Fe-Mn spin-valve which requires the oxida- 
tion-protective layer.) The magnetization and magnetoresis- 
tance curves clearly show that the GMR behavior in this sam- 
ple arises from a difference in coercivity between the two Ni- 
Fe layers. The pinned Ni-Fe layer, which is adjoining to the 
a-Fe2O3 layer, shows large coercivity HCp of 6700e and small 
unidirectional biasing field Hbp of 500e. The large coercivity 
of tlie pinned Ni-Fe is probably due to the exchange coupling 
at the interface between the Ni-Fe and a-Fez03 films, as 
pointed out in the previous report[5 J that exchange coupling 
produces intense local fluctuations of Ni-Fe anisotropy which 
trap domain walls. It was also conhi ied that the coercivity 
dramatically decreases to 5.70e even by an insertion of ultra- 
thin Ta layer (lnm) between the Ni-Fe and the a-Fe2O3 layers. 
Fig. 1. X-ray diffraction pattern of 1001uii-thick a-Fe20J film (taken by the d 2 0  
scan where a=0.5O). 
0018-9464/96$05.00 0 1996 IEEE 
Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on March 09,2010 at 01:17:47 EST from IEEE Xplore.  Restrictions apply. 
4619 
I 1  " " I " " I I  
Appl ied  magnetic f ie ld,  H (Oe)  
Fig.2. Magnetization and magnetoresistance (major and minor) curves of the 
spin-valve film comprised of Glass/a-FezOo(50nm)/Ni8oFez0(6nm)/Cu(2.2nm)/ 
NiaoFezo(9nm)/Cu(4nm) measured along the easy axis. 
Though it is already known that a-Fe2OJ Ni-Fe bilayers show 
large coercivity[4]-[6], we obtained further large coercivity 
because the Ni-Fe layer is thinner than those in the previous 
bilayer studies. In addition, the pinned Ni-Fe layer showed 
obvious in-plane uniaxial anisotropy and relatively good 
squareness in the easy axis. Thus the spins in the pinned layer 
are regarded nearly parallel in the remanent state. 
Though the coercivity difference in the present spin-valve is 
high enough for the application to GMR heads, we also made 
an attempt to enhance unidirectional anisotropy field Hbp of 
the pinned layer rather than the coercivity Hcp. Since the sub- 
strate was water-cooled during the deposition, the field cooling 
effect which aligns the magnetization unidirectionally is ex- 
pected to be insufficient because the T, of a-FezO3 is higher 
tlian that of FcMn or N O .  Thus we made a magnetic anneal- 
ing after the deposition. Fig.3 shows the magnetoresistance 
curves (major and minor loops) of the spin-valve film annealed 
at 240°C for 10min. in a magnetic field of 1kOe. After 
annealing, the shape of M R  curve looks like that of the NiO or 
FeMn-type spin-valves. The increase in Hbp and decrease in 
Hcp imply that the anisotropy fluctuations were decreased 
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Fig.3. Magnetoresistance (major and minor) curves of the Glass/a-Fe203(50m)/ 
Nis0Fe~~(6nm)/Cu(2.2nm)/Ni~0Fezo(slYn)/Cu(4nm) film annealed at 240'C for 
l0min. in a magnetic field of 1kOe. 
and unidirectional anisotropy became more well-defined. Such 
behavior will be also an indirect evidence that the exchange 
coupling is responsible for the large Hcp in an as-deposited 
state. Spin reorientation at such a low annealing temperature 
compared with the Tp6SO°C of bulk may be ascribed to a 
possible lower T, in the thin film, which is 0-deficient. 
As another spin-valve utilizing a coercivity difference, 
multilayers or sandwiches using hard films such as Co-Pt are 
known[7]. In such films, the separation of each magnetization 
reversal of pinned and free layer is also good because of the 
high Hcp of the Co-Pt film. We prepared two sandwiched films 
comprised of Glas~/Co-Pt,-s,~%(5nm)/Cu(2.2nm)/Ni~oFe2o 
(9nm) in which the Hop is I.lkOe and 4700e. The former 
high-coercivity Co-Pt layer was deposited under higher Ar gas 
pressure (10mTorr) than the usual condition (3mTorr). In 
these spin-valves, coercivity of the free Ni-Fe layer became 
considerably larger value (2  10e  and 130e, respectively) 
probably owing to a dipolar field from the hard film across the 
Cu layer. However, coercivity of the free Ni-Fe layer f f ,  in the 
a-FeZO3 spin-valve is suffkiently small. 
After magnetizing the pinned layer, minor M R  loops were 
measured under an external dc longitudinal biasing field ap- 
plied orthogonally to the alternating field which is parallel to 
the magnetization of the pinned layer. Fig.4 shows the longi- 
tudinal biasing field dependence of free layer coercivity Hc.  In 
the Co-Pt spin-valves, the free layer still remained hysteretic 
even by applying a longitudinal bias exceeding 300e. On the 
contrary, the hysteresis of the free layer in the a-Fe203 spin- 
valve completely disappeared by applying a biasing field of 
110e. Since the origin of strong local anisotropy in the pinned 
layer is limited near the interface between a-Fez03 and Ni-Fe 
in the present spin-valve, the stray dipolar field from the grain 
boundaries of the pinned layer at the interface adjoining to the 
Cu layer may be smaller than from the Co-Pt whose 
magnetocrystalline anisotropy is considerably larger. 
The MR ratio of 4.0% in the prcsent a-Fe203 spin-valve is 
higher than that (3.4%) of the spin-valve consisting of Glass/ 
Ta(5nm)/Ni-Fe(9nm)/Cu(2.2nm)/ Ni-Fe(6nm)l FeMn( 1 1 nm)/ 
Cu(41im) prepared by the same sputtering apparatus. This is 
due to the decrease in the current shunting through the AF 
layer. Since the capping Cu laycr is not necessary in the a- 
Fe203 spin-valves, the MR ratio of 6.1% is realized whcn the 
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Fig.4. Longitudinal ek*emal biasing field dependence of free layer coercivity H~ 
in the spin-valves comprising of Glass/a-Te~O~(SO~un)/h'i~~Fe~~(bnn~)/Cu 
(2.2nm)/Nide2o(9nm) and Glass/Co-Pt7^s,~(5n)/Cu(2.2nm)/NisoFez~(9nm). 
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Fig.5. The dependence of MR ratio and coercivity ofthe pinned layer Hcp on the 
imposed Co layer thickness x. (The film structure is Glassla-Fe20~(100nm)/ 
Ni~oFe20(6-x nm)/Co(x nm)/Cu(2.2nni)/Co(x nm)/NisoFelo(9-x nm)/Ta(Snm).) 
capping Cu, which shunt the sense current, is not deposited. 
By imposing ultrathin Co layers at the Ni-Fe/Cu interfaces as 
reported in the other spin-valves[S], further higher MR ratio 
of 10% was achieved, Fig.5 shows the Co layer thickness 
dependence of the MR ratio and the Hcp. In addition to the 
enhancement in the MR ratio, the large Hcp is still maintained 
by the insertion of Co layer. 
It was also confirmed that the magnetoresistive perform- 
ance of the cx-Fe203 spin-valves is maintained after the micro- 
patterning into 3pm in track width and l p m  in height. 
To eramine the thermal stability of the spin-valves, block- 
ing temperatures were determined by heating the samples 
subsequently and measuring the magnetization curves at each 
temperature. Fig.6 shows tlie temperature dependence of Hcp 
(for the a-Fe203 spin-valve) and unidirectional biasing field 
fIbp (for the other spin-valves) of the pinned layers. (The 
stacking order and each layer thickness of the spin-valves 
containing ] V i 0  and NiMn is the same as those of the a-Fe203 
and the Feh4n spin-valve, respectively.) These curves became 
irreversible when the temperature exceeds 220°C. Though the 
temperature where the Hcp or Hbp of the a-Fe2O3 and the NiMn 
spin-valves disappears does not strictly represent the blocking 
teniperaturc: because of the possibility of interlayer diffusion, 
blocking temperature of tlie a-Fe203 spin-valves is obviously 
higher tliair that in the NiO or the FeMn spin-valves. This 
means that the characteristics of the a-Fe203 spin-valve is 
expected to be stable even with the Joule heating of MR ele- 
ment. This is ascribed to the high T, of a-Fe203. 
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Eig.6. Temper;iture dependence of ~inidi~ectional biasing field Hbp (for the FeMn, 
NiMn, and NiO spin-valves) and coercivity Hcp (for the a-Fez03 spin-valve) of 
the pinned layei-s in various spin-valves. 
Fig.7. Result of corrosion test for various spin-valves immersed in pure-water. 
Corrosion resistance was tested relatively by immersing the 
various specimens into pure water simultaneously. Fig. 7 
shows the immersing time dependence of M R  ratio normalized 
by the initial values for various spin-valves. In the a-FezO3 and 
the NiO spin-valves, magnetoresistance did not decrease at all 
after the immersing for 500hr, while that of the Fe-Mn and 
Ni-Mn spin-valves was reduced to a half after the immersing 
for 0.2hr and 500hr, respectively. The increase in M R  ratio of 
a-Fe203 and the NiO spin-valves after 1 hr immersing is due to 
the corrosion of the Cu capping layer, resulting in a suppres- 
sion of the current shunting. 
IV. CONCLUSIONS 
We have shown that the spin-valve films using the antifer- 
romagnetic a-Fe2O3 layers exhibit good MR response mainly 
due to the coercivity difference. It was found that the free layer 
coercivity of these spin-valves is smaller than that in the Co- 
Pt/Cu/Ni-Fe sandwiches having the similar high coercivity of 
the pinned layer. High thermal stability and corrosion rcsis- 
tance were also confirmed in the a-Fe203 spin-valves. 
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